1. Introduction.-S t r u c t u r a l r e l a x a t i o n e f f e c t s near the t r a n s i t i o n temperature Tg have already been observed i n the v i t r e o u s selenium by m a n o f micro mechanical measurements. These experiments have been made a t constant frequency i n t h e PIHz, Hz and low frequency ranges (1) (2) ( 3 ) . I n order t o extend the i n v e s t i g a t i o n range o f both temperature and frequency, we have designed an apparatus working i n forced o s c i l l at i o n s ( 4 ) ; so, i t has been possible t o study the p r o p e r t i e s o f the sample a l s o f o r temperatures higher than Tg. IJe s h a l l present r e s u l t s obtained on one hand i n the low temperature range (T 28OC) where the aged glass remains i n an i s o c o n f i g u r a t i o n n a l s t a t e and, on the other hand, i n t h e high temperature range ( T . > Tg) where t h e sample j s i n the metastable e q u i l i b r i u m . The temperature e f f e c t i n each range w i l l be compared. The i n f l u e n c e o f cross l i n k i n g between (Se)nm~lecules w i l l be c a l l e d t o mind presenting some r e s u l t s obtained w i t h an As2 Se18 a l l o y .
2. Ex erimental r e s u l t s . -Shear modulus G and i n t e r n a l f r i c t i o n t a n 4 spectra have been :btained i n isothermal c o n d i t i o n by frequency scanning (10-4 + 1 Hz) 2.1. Non c r y s t a l l i n e selenium 2.1.1. Low temperature range (T < 2 8 9
The m a t e r i a l aged several weeks a t room temperature presents t h e spectra shown i n the f i g u r e 1. The weak dependence o f Tan versus frequency F suggests a very wide r e l a x a t i o n times d i s t r i b u t i o n . I f the temperature T does n o t exceed 2g°C, t h e m a t e r i a l s t r u c t u r e r emains constant during experiment. Above 2B°C, t h e spectra s h i f t during experiment and measurements can be c a r r i e d o u t p r o p e r l y o n l y above Tg.
High temperature range (T>Tg)
S t r u c t u r a l r e l a x a t i o n i s then f a s t enough t o o b t a i n metastable 3 e q u i l ibrium i n a time s h o r t i n comparison w i t h experiment delay. Thus the sample s t a t e i s o n l y temperature dependent o f course i f T i s n o t t o o high t o prevent c r y s t a l l i s a t i o n ( 5 ) ) . The spectra are shown i n f i g u r e 2. A d r a s t i c decrease of G, together w i t h a maximum o f tan Q, followed by a 'kubbewp1ateau"can be observed. This r e s u l t agrees w i t h t h a t o f Tobolsky e t a1 (6) where t h i s "rubbery" behavior could be detected dur i n g s t r e s s r e l a x a t i o n t e s t .
Vitreous t r a n s i t i o n range
As r e c a l l e d above, t h e p r o p e r t i e s of t h e m a t e r i a l are time dependent i n t h i s temperature range. So, the isothermal s t r u c t u r a l re1 a x a t i o n can be observed by measurement o f mechanical p r o p e r t y P versus time. This r e l a x a t i o n can take place under (B -+ C),above Tg ( D -+ E) ( f i g u r e 3).
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981588 The kinetic i s self-braked in the former case while s e l f catalytic in the l a t t e r . The figure 4 shows the results obtained, P being the shear modulus a t 10-~HZ.
As2Se18 Alloy
The glass temperature of such an alloy l i e s around 65°C. The results presented in the f i g . 5 are related to the low temperature rance where the sample, aged during several weeksat room temperature, l i e s in an isoconfigurationnal s t a t e . A broad maximum of tan 4 i s observed near 10°C a t 1 Hz. This result i s in agreement w i t h t h a t of Imaoka and Sakamura ( 7 ) , but these authors have performed measurements only on one decade frequency range. Experiments are now in progress to investisate the properties of t h i s material in glass transition zone and above. 4. Discussion and conclusion.-The i n v e s t i g a t i o n o f dynamical p r o p e r t i e s o f non cryst a l l i n e b u l k selenium i n a l a r g e range o f temperature and o f frequency shows c l e a r l y the d i f f e r e n t behaviors i n the i s o c o n f i g u r a t i o n n a l s t a t e (aged glass) and i n the metastable e q u i l i b r i u m s t a t e (supercooled l i q u i d ) . I n t h e l a t t e r case, ULF equation appears t o f i t well experimental data f o r time-temperature superposition, the temper a t u r e a c t i n g on both thermal a c t i v a t i o n and s t r u c t u r e m o d i f i c a t i o n . I n t h e former case the temperature acts only by thermal a c t i v a t i o n and Arrhenius'law r e l a t e d t o deformation mechanisms can be applied. The a c t i v a t i o n energy i s then lower (42 Kcal/ mole compared w i t h 93 Kcal/mole). S i m i l a r observations w i t h pure selenium have been performed through v i s c o s i t y measurements ( g ) . b u t i n t e r p r e t a t i o n was given invoking 
) . I t can be seen t h a t simple Arrhenius'law i s n o t able t o y i e l d the r e s u l t s f o r both h i g h and low temperature ranges. This f a c t i s now w e l l known i n the case o f glass forming material ( 8 ) . So, we have t r i e d t o describe our r e s u l t s assuming on one hand wLF law f o r t h e metastable e q u i l i b r i u m s t a t e (Log CXT
=
On t h e o t h e r hand, our analysis i s t o be compared, a t l e a s t q u a l i t a t i v e l y , t o t h a t o f SPAEPETJ (10) a p p l i e d t o m e t a l l i c glasses.
The problem now t o compare the damping phenomenon r e l a t e d t o anomaly a t low temperature o f pure Se (1,7) ( o r peak i n the case o f As-Se a l l o y ) t o recover a b l e s t r a i n observed during creep experiments performed a t room temperature ( 2 ) I n other words, i f we assume ( i ) t h a t deformation mechanisms occur by c r e a t i o n and a n n i h i l a t i o n of shear microdomains under stress (6 and a mechanisms leading respect i v e l y t o recoverable and permanent deformation ( 1 1 ) ) and ( i i ) t h a t anomaly ( o r peak) corresponds t o B r e l a x a t i o n , a wide times d i s t r i b u t i o n must be evocated. Another assumption may be t h a t the anomaly ( o r peak) i s a consequence o f w e l l defined and l o c a l i s e d atomic displacements ( l i k e s i d e group r o t a t i o n i n organic polymers o r c a t i o n i c l o c a l movement i n oxide glasses). Another question i s connected t o the values o f a c t i v a t i o n energies : on one hand, t h i s value i s much lower f o r the peak (16 Kcallmole) than f o r low temperature i n t e r n a l f r i c t i o n back~roung (42 Kcal/mole) , which seems t o favour the second assumption ; on t h e other hand these values are n o t y e t clear1 y understood.
Numerical computations are i n prosress i n order t o t e s t t h e f i r s t assumpt i o n . Furthermore, the i n v e s t i g a t i o n performed on As-Se a l l o y where secondary r e l ax a t i o n i s c l e a r l y resolved w i l l be u s e f u l t o c l a r i f y these p o i n t s .
